Introduction
Latinos are less likely than non-Latinos to engage in recommended levels of physical activity (PA) (U.S. Department of Health and Human Services, Office of Disease Prevention and Health Promotion; U.S. Department of Health and Human Services, 2008) . In addition, compared to Latino men, Latina women report less leisure-time PA (15 vs. 30 min/day) and transportation-related PA (28 vs. 37 min/day) (Arredondo et al., 2016) . One possible explanation for Latinas' low PA levels may be linked to perceptions that their neighborhood environment is not conducive to PA. Compared to residents of predominantly White neighborhoods, those living in neighborhoods with a higher racial/ethnic minority composition are more likely to evaluate their environments as being less safe, less comfortable (e.g., worse sidewalk conditions), and less pleasurable for outdoor PA (Franzini et al., 2010) . Nevertheless, there is also evidence that Latinos tend to live in areas with high access to destinations near their homes (Franzini et al., 2010) . Understanding the built and social environmental factors associated with outdoor PA in the neighborhood may help inform interventions to promote Latinas' PA (Hallal et al., 2005; Bedimo-Rung et al., 2005) .
Favorable perceived environmental factors are positively associated with PA (Ding and Gebel, 2012; Owen et al., 2000; Mama et al., 2015) . Among Latinas, positive associations have been reported between perceived neighborhood aesthetics and leisure-time PA, as well as having access to destinations near the home and transportation PA (e.g., walking/cycling) (Perez et al., 2016a) . Perceived neighborhood environmental factors are also positively related to objective PA (Mama et al., 2015; Saelens et al., 2003) . However, one study involving Latinas in San Diego reported no associations between perceived environmental factors and objective PA (Perez et al., 2016a) . Authors noted that the lack of association could have been because accelerometry is not specific to the home neighborhood. A more explicit link between PA and the neighborhood environment can be examined using simultaneous accelerometer-global positioning system (GPS) monitoring (Troped et al., 2010; Jankowska et al., 2015) .
Furthermore, examining the interactive effects of built and social environmental factors may help us understand important nuances. Some studies suggest neighborhoods with higher proportions of Latino residents may be more walkable but have worse social environments, including lower perceptions of safety and less collective efficacy (i.e., social cohesion among neighbors and their willingness to intervene for the common good) (Franzini et al., 2010; Sampson et al., 1997; Lovasi et al., 2009; Foster and Giles-Corti, 2008) . Residents of less socially-cohesive neighborhoods are less likely to walk for exercise than those living in more cohesive neighborhoods (Echeverría et al., 2008) . Thus, despite living in neighborhoods with walkable urban form, adverse social environmental factors may inhibit Latinos' PA. Studies are needed that evaluate the interactions between built and social environmental factors in relation to neighborhood-specific PA (Ding and Gebel, 2012; Giles-Corti and Donovan, 2003) .
This study aimed to test interactions among perceived built and social environmental factors in relation to Latinas' objectively-measured neighborhood outdoor PA. We hypothesized that perceived social environmental factors moderate associations of perceived built environmental factors with objectively-measured neighborhood outdoor PA, with positive associations expected only among those with favorable perceived social environments.
Methods

Participants and procedures
Participants were churchgoing Latinas (18-65 years) participating in Fe en Acción [Faith in Action], a two-group cluster randomized controlled trial to promote PA in San Diego, California. Participants completed anthropometric measurements and a survey in Spanish or English, and were asked to wear an accelerometer for 7 days. This study used baseline data only, which were collected between May 2011 and September 2013. In addition, from June 2012 through January 2013, global positioning systems (GPS) devices were distributed along with the accelerometer to integrate both sources of objective data for use in the geospatial research tool called the Personal Activity and Location Measurement System (PALMS) (Center for Wireless and Population Health Systems, University of California San Diego) and to evaluate these data in specific contexts (e.g., neighborhood). The Institutional Review Boards of San Diego State University and the University of California, San Diego approved this study.
The sampling and recruitment procedures for the sub-study involving the GPS are the same as for the main trial (Arredondo et al., 2015) . In brief, research staff recruited 16 Catholic churches from two Major Statistical Areas (MSA) with large concentrations of Latino residents (San Diego Association of Governments (SANDAG) Data Warehouse, 2010). MSA's are aggregations of census tracts. Participant eligibility criteria were: 18 to 65 years of age, attended church at least 4 times/month, and reported no barriers to attending intervention activities or any health condition that could impede PA. Furthermore, women were eligible if they reported low activity on two screeners (Taylor-Piliae et al., 2006; Smith et al., 2005 ) (e.g., no PA or mostly light PA during leisure-time and work) and engaged in b 250 min/wk of accelerometerbased MVPA to allow for inclusion of participants most in need of a PA intervention.
Due to challenges in recruiting participants willing to wear both the accelerometer and GPS devices, researchers terminated the sub-study after recruitment of 4 churches. From these 4 churches, 203 women met the inclusion criteria and were invited to participate in the main trial. Participation was voluntary and participants could withdraw from the study at any time. Research assistants (RA) contacted the 132 women that signed an informed consent form. The GPS was optional and participants that agreed to wear the accelerometer but not the GPS were still invited to participate in the main trial. For the present study, we only analyzed data from participants that had complete survey, accelerometer, and GPS data. Reasons for dropping participants from analysis are depicted in Fig. 1 . Because early in the data-cleaning phase, study staff noted that several participants had fewer days of GPS data compared to the accelerometer, possibly due to missing GPS signal or noncompliance with wearing or charging the GPS, we decided to reduce the wear time criteria for the analytical sample (≥2 valid days with ≥ 8 valid hours/day). The final analytical sample was 86 participants (range: 15-28 participants/church).
PA and spatial measures
Participants were asked to wear a GT3X accelerometer (Actigraph, Pensacola, FL) and a QStarz BT-Q1000XT GPS device (Qstarz International Co., Taipei, Taiwan, ROC) attached to an elastic belt worn over the hip on opposite sides for 7 days. Participants were instructed to charge the GPS each night, wear the devices during waking hours, and remove them only for sleep and water activities (e.g., bathing). ActiLife software version 6 (Actigraph, Pensacola, FL) was used to initialize accelerometers at 1-second epochs and Qstarz software (Qstarz International Co., Taipei, Taiwan, ROC) was used to initialize the GPS devices at 15-second epochs. We collected data at the maximum resolution (1 second epoch) that still allowed for 7 days of data collection. Using ActiLife, we reintegrated the data from 1-second to 15-second epochs to match the GPS epoch length. We used 15-second epochs to reduce misclassification error of PA estimates (e.g., minutes classified as light vs. MVPA) (Gabriel et al., 2010) and allow for greater precision in location detection and collection of data over the number of days required (Kerr et al., 2011) for the main trail (≥ 5 days, with ≥ 1 weekend day, and ≥ 10 hrs/day). Up to 2 re-wears were allowed if non-compliance was noted. Non-wear time was defined as ≥60 consecutive minutes of zero count values.
Data processing
The accelerometer and GPS 15-second epoch files were uploaded into PALMS, a web-based tool that integrates data from both devices. Details of the data processing steps can be found in the PALMS User Guide (Center for Wireless and Population Health Systems, 2011). PALMS synchronized the time-stamped files from both devices and merged them into one file for calculations and analysis. PALMS functions used for this study include indoor/outdoor detection (based on signal-to-noise ratio -SNR), location detection, and activity intensity. We defined MVPA as ≥ 2020 counts/min (Troiano et al., 2008) . The SNR, which represents the strength of the signal from the satellites, was used to classify epochs as occurring indoors or outdoors, with outdoor time defined as SNR N 225 (Lam et al., 2013) .
Minutes of MVPA in the neighborhood buffer
Using ArcGIS (Esri, Redlands, CA), participants' home addresses were geocoded and plotted on a shapefile of San Diego County (San Diego Association of Governments (SANDAG) Data Warehouse, 2010). A 50-meter radial buffer was created around the geocoded address.
We also used a 500-meter street network buffer to represent the neighborhood around the home, which was chosen to be on the smaller end of buffer sizes (Adams et al., 2014) because of the low PA levels and thus potentially lower mobility of the sample. Non-walkable routes such as freeways were excluded from the street network buffer. The combined GPS-accelerometer data were linked to the participant buffer shapefiles. Data at the minute level were coded as 1 = '1 minute' or 0 = 'no minutes' in the neighborhood buffer. Because the focus of the present study was on neighborhood outdoor PA, the PA variable excluded activity in the home and any activity marked as taking place indoors (as per the SNR cut-off). Data were aggregated at the day-level for subsequent analysis. Due to the skewed distribution and low sample median for daily minutes of neighborhood outdoor MVPA, we created a binary variable categorizing participants as spending no versus any time in MVPA in the neighborhood buffer.
Perceived neighborhood environment
Prior to data collection, bilingual RAs reviewed the Spanish-translated versions of the perceived neighborhood environment items to ensure conceptual and linguistic equivalence with the English versions. Items used in this study included relevant built and social environmental factors identified in a focus group involving 25 churchgoing Latinas in San Diego (Martinez et al., 2009) . Perceived built environmental factors included neighborhood aesthetics, sidewalk maintenance, and access to recreational facilities. Perceived social environmental factors included safety from traffic, safety from crime, and neighborhood social cohesion. Higher scores on each variable were indicative of more favorable neighborhood perceptions.
Items from the Abbreviated Neighborhood Environment Walkability Scale (NEWS-A) (Saelens et al., 2003) assessed neighborhood aesthetics (4 items such as "trees along the streets and attractive buildings/ homes), safety from traffic (1 item), and safety from crime (2 items). Response options ranged from 1 = 'strongly disagree' to 5 = 'strongly agree.' We reverse coded negative statements and computed mean scores for aesthetics and safety from crime.
Items from the US Determinants of Exercise in Women Phone Survey (U.S. Determinants of Exercise in Women Phone Survey, 2012) assessed sidewalk maintenance (1 item) and access to recreational facilities (1 yes/no item). The sidewalk maintenance item was only asked to participants who reported having sidewalks in their neighborhood. Response options ranged from 1 = 'not at all maintained' to 4 = 'very well maintained.'
Neighborhood social cohesion was assessed using the 6-item Neighborhood Social Cohesion Scale (Seidman et al., 1995 ) (e.g., "I feel like I fit in with the people in my neighborhood"). Response options ranged from 1 = 'not at all true' to 3 = 'very true.' We reverse coded negative statements and computed a mean score (Seidman et al., 1995) .
Participant characteristics
Demographic characteristics were assessed using questions from the 2005 Behavioral Risk Factor Surveillance System (BRFSS) questionnaire (Centers for Disease Control and Prevention (CDC), 2005) and included age, years living in the US, number of vehicles and adults living in the household, country of birth, employment status, monthly household income, education, and marital status. Household income was dichotomized using the median split of $2000/month, which translates to an annual income of about $24,000. Weight and height measures were collected by trained RAs following standard protocols (NHANES, 2005) . Measurements were taken twice and averaged.
Data analyses
Socio-demographic, objective PA, and perceived neighborhood environmental characteristics were examined at the participant-level (N= 86). Chi-square or student t-tests examined differences in these characteristics by the outcome. Models examining the environment-PA associations and interactions were performed at the day-level (N = 494 days, n= 86 participants). When including all independent variables and covariates, the sample was reduced to 422 days due to missing data points for some of the variables. All continuous environmental variables were standardized to have a mean of 0 and standard deviation of 1. Generalized linear mixed-effects models with binomial distributions (Logistic models) were fitted to estimate associations of the 6 environmental variables with engaging in any daily neighborhood outdoor MVPA (yes/no). We also performed the analyses using a negative binomial error distribution to approximate the continuous distribution of the outcome and obtained similar results as the Logistic models; however, examination of the residuals showed that the negative binomial model did not offer the best fit.
To account for the nesting of the data (days within participants), participant ID was included as a random effect. With only 4 churches included in the analysis, clustering effects by the churches were not observed; nevertheless, we included church as a fixed effect to account for differences between the 4 churches. Models were adjusted for covariates found to be significantly correlated with neighborhood outdoor MVPA, including age, vehicle access, and employment status. The years of residence in the US variable was also related to the outcome but due to its high correlation with age, we only controlled for age. Although neighborhood total wear time was significantly correlated with neighborhood outdoor MVPA, we found low variability in neighborhood total wear time minutes within participant clusters (intraclass correlation = 0.54), suggesting high collinearity with the random effect participant ID, thus we did not include it in the model. Total wear time and time spent at home were not correlated with neighborhood outdoor MVPA and therefore not included. Additional models were fitted testing interactions for the 3 built X 3 social environment variables. A backwards elimination approach tested the significance of the interactions, starting with a full model with all 9 interactions. Interactions not significant at the p b.10 level were removed first, followed by those not significant at the .05 level. Using the model regression coefficients, significant interactions were plotted using templates developed by Dawson (Dawson) . All statistical analyses were performed in SAS version 9.4 (SAS Institute Inc., Cary, North Carolina).
Results
The sample mean age was 45 years (Table 1) . Most participants were born in Mexico (86%), employed (68%) and of low socio-economic status. Chi-square tests or student t-tests showed no significant differences on demographic variables between women excluded from the analyses and the analytical sample. There were also no significant differences between the two groups on the perceived environmental variables with the exception of safety from crime. The excluded women reported lower perceived safety from crime (mean ±SD = 2.7 ± 1.4) than the analytical sample (3.8 ±1.2).
Overall, the mean total wear time was 797 min/day, with substantially more activity occurring in the home compared to the neighborhood (Table 1) . Chi-square tests or student t-tests revealed that women who engaged in no versus any neighborhood outdoor MVPA did not differ significantly based on the socio-demographic variables, with the exception of years living in the US (those with no activity reported a longer residence in the US than those with any activity). Consistent with study criteria, the sample had low MVPA, with a mean of 12 min/day in MVPA (range: 1-33 min/day) and a median of 0.18 min/day of neighborhood outdoor MVPA (IQR=2.1). In general, ratings were favorable for the neighborhood environmental factors (Table 1) . Results showed a marginally significant association between neighborhood social cohesion and neighborhood outdoor MVPA (OR=1.66, 95% CI=0.96, 2.88) ( Table 2 ). The models with the interactions found two statistically significant interaction terms: sidewalk maintenance x safety from crime (p=0.05) and neighborhood aesthetics x neighborhood social cohesion (p =0.03) ( Table 2) . Sidewalk maintenance was positively associated with engaging in any daily neighborhood outdoor MVPA only among participants with low perceived safety from crime (Fig. 2) . Neighborhood aesthetics was positively associated with engaging in any daily neighborhood outdoor MVPA only among those with high neighborhood social cohesion (Fig. 3) .
Discussion
As hypothesized, associations of perceived built environment with objectively-measured neighborhood outdoor MVPA differed by perceived social environment characteristics. Perceived neighborhood aesthetics was positively related to neighborhood outdoor MVPA among those with high neighborhood social cohesion. However, contrary to our expectations, perceived sidewalk maintenance was positively related to neighborhood outdoor MVPA among those with low levels of safety from crime. To our knowledge this is one of the first studies to examine associations of and interactions between perceived built and social environmental factors in relation to objectively-measured neighborhood outdoor MVPA among Latinas.
Participants spent a median of 9.5 min in MVPA/day, which is similar to the 8.2 median daily minutes among a predominantly African American and Latino female sample (Zenk et al., 2011) . Just over half of participants (56%) had any outdoor MVPA in the neighborhood buffers. This reflects the study criteria to recruit less active Latinas. Participants with no neighborhood outdoor MVPA likely had higher levels of acculturation as noted by the higher number of years living in the US compared to those with any neighborhood outdoor MVPA. Other studies show lower levels of PA among Latinos with higher acculturation levels (Marquez and McAuley, 2006; Ham et al., 2007) , including a previous Fe en Acción study (Perez et al., 2016b) . The low levels of neighborhood outdoor MVPA in our sample may also be explained by a greater proportion of time being spent at work or in the home. Our data showed that the total wear time in the home buffer was substantially higher than the total wear time in the neighborhood buffer. Among the few studies that have examined moderators of PA, none have used objective measures of outdoor PA. One study tested interactions of the built environment with perceptions of crime and safety variables in relation to accelerometer-based MVPA and self-report walking and found inconsistent patterns (Bracy et al., 2014) . Our study adds to research on the influence of social environmental factors on built environment-PA associations by providing more support for interactions; however, findings were not straight-forward.
Sidewalk maintenance was inversely related to neighborhood outdoor MVPA only among those with higher perceived safety from crime. This finding contradicts our hypothesis that at favorable levels of perceived sidewalk maintenance, neighborhood outdoor MVPA would be greater among Latinas with higher perceived safety from crime than those perceiving lower safety. Although evidence linking sidewalk maintenance with PA has been limited, one study involving over 1,000 adults from two cites of high/low walkability also found an unexpected inverse relationship between sidewalk maintenance and self-report transportation-related PA (Hoehner et al., 2005) . The authors attributed this contradictory finding to possible neighborhood income effects. Less maintained sidewalks were likely concentrated in lower-income areas where residents walked/bicycled for transportation despite sidewalk conditions (Hoehner et al., 2005) . Because individual-and neighborhood-level income measures demonstrate poor agreement (Southern et al., 2005) , examination of the effects of neighborhood income independent of individual household income is important. Although we did not measure neighborhood income, participants that perceived less maintained sidewalks may have lived in lower-income neighborhoods where those that perceived greater safety from crime did more activity outside in their neighborhood, including necessity-driven behaviors like transportation PA, than those reporting less safety. In contrast, higher-income neighborhoods may have had better maintained sidewalks and residents reporting less safety from crime may have spent more active time outside in their neighborhoods and thus were more aware of crime than those not spending much time outside. Some evidence indicates that individuals who spend more time outdoors may be more aware and/or more critical of their environments (Adams et al., 2009) . Overall, our finding suggests that both safety from crime and sidewalk conditions may be important environmental targets for promoting neighborhood outdoor PA among Latinas. The interaction between neighborhood aesthetics and neighborhood social cohesion suggests that neighborhood aesthetics are positively related to neighborhood outdoor MVPA only among Latinas with higher neighborhood social cohesion. Participants that reported higher neighborhood social cohesion may have spent more time outside in their neighborhood to engage with neighbors or to be physically active. In turn, being outside may have made them more aware of their surroundings (presence of trees, landscaping, etc.) (Adams et al., 2009) . It is also possible that pleasant neighborhood aesthetics encouraged women to be outside to engage with neighbors or PA. Improving neighborhood social cohesion may be a promising approach for promoting outdoor PA among Latinas. Multilevel interventions led by promotoras (community health workers) from participants' own neighborhoods, for example, have improved Latinas' neighborhood social cohesion and PA (Martinez et al., 2012) .
Limitations and Strengths
There was limited variability in PA among the sample given our inclusion criteria. Perceptions of the neighborhood environment may have had limited variability since participants reported living close to one of the 4 participating churches. Insufficient variability in participant and neighborhood characteristics limits the external validity of study findings. Low variability in the perceived neighborhood environment scores may have also resulted in null associations with neighborhood outdoor MVPA. Nevertheless, findings are relevant to Latinas in the US given less than half of them meet PA recommendations (U.S. Department of Health and Human Services, Office of Disease Prevention and Health Promotion). Another limitation is that the cut-point used to detect neighborhood outdoor MVPA has only been validated in one study (Lam et al., 2013) . Additional studies are needed to validate the indoor/ outdoor detection cut-offs. Our use of only one buffer size may not be representative of what participants perceived as their 'neighborhood,' yet there has not been a clearly established buffer size for the neighborhood; 500 meters has been used in other studies (Adams et al., 2014; Bracy et al., 2014) . We did not objectively assess the neighborhood environment, which is important when considering neighborhood environment-PA associations. We did not create a cumulative environmental index, which would provide an indication of overall neighborhood walkability; this was beyond the scope of this paper. Also, data collection with accelerometer and GPS measures was complex, with recruitment of participants to wear both devices being a challenge, and the data processing and complexity of the data requiring the involvement of highly-trained and knowledgeable staff.
With the exception of the access to recreational facilities variable, built and social environmental characteristics examined in this study are more relevant to outdoor rather than indoor activity. This study is innovative in that it focused on objective outdoor MVPA in the neighborhood. While the sample size was small, modeling neighborhood outdoor MVPA at the day level added statistical power.
Our study is among the first to examine objectively-measured neighborhood outdoor MVPA and to test for interactions between perceived built and social environmental factors among a sample of Latinas. Thus, to elicit stronger recommendations for interventions, additional studies are needed to confirm our findings. In particular, prospective studies can test whether improvements to neighborhood social environmental factors can facilitate Latinas' neighborhood outdoor PA.
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